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(54) Heating cable 

(57) A mineral insulated heating cable comprising 
two electrical conductors extending along the lengths of 
the cable and an array of heating elements distributed 
along the length of the cable and connected in parallel 
between the conductors. The heating cable is encased 
in a metal jacket which waterproofs the overall assem- 
bly, the jacket being electrically insulated from both the 



conductors and the heating elements by for example mi- 
ca or glass fibre tape sheaths. The metal jacket is ex- 
truded directly onto the heating cable, or is extruded 
around and then drawn down onto the heating cable. 
Thus the structure can withstand high temperatures and 
yet is waterproof given the provision of the metal jacket. 
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Description 

[0001] The present invention relates to a heating ca- 
ble for use in electric trace heating applications. 
[0002] Trace heating cables fall into two general cat- 5 
egories, that is parallel resistance cut-to-length types 
and series resistance fixed length types. 
[0003] In parallel resistance type cables, generally 
two insulated conductors (known as buswires) extend 
longitudinally along the cable. A resistance heating wire 
is spiralled around the conductors, electrical connec- 
tions..being ma.de*, alternately at. intejyals along the lon- 
gitudinally extending conductors. This creates a series 
of short heating zones spaced apart along the length of 
the cable. The heating wire must be selectively insulated 
from the conductors and also encased within an insu- 
lating sheath. Available parallel trace heating cables ei- 
ther use polymeric external insulation sheaths which 
limit the use of such cables to maximum temperatures 
of for example 250°C, or use glass insulation for the ex- 
ternal sheath which can operate at higher temperatures, 
for example above 400°C, but which are not waterproof. 
[0004] Series resistance heaters must be specifically 
designed so that the power produced meets the require- 
ments for a particular length of cable. This is not con- 
venient and represents a major constraint. Generally se- 
ries heaters Include longitudinally extending resistance 
wires embedded in a mineral insulation which can with- 
stand high temperatures. A typical construction com- 
prises two ni-chrome heating conductors, magnesium 
oxide powder insulation, and an outer stainless steel 
sheath. The whole construction may be drawn down 
from an outside diameter of typically BOmm to an outside 
diameter of 4mm at which point the heater is flexible to 
enable it to be installed relatively easily and has an elec- 
trical resistance producing a desired output per unit 
length. Unfortunately the available range of resistances 
is limited and, particularly, short lengths (typically less 
than 1 0 metres) with appropriate low power outputs are 
not available. 

[0005] In summary, parallel heaters are convenient in 
use but are not available in forms which combine both 
a high temperature withstand and a waterproof con- 
struction, whereas series heaters are available which 
can withstand high temperatures and are waterproof but 
cannot be cut to length and therefore must be designed 
specially to fit particular applications and are difficult to 
design for use in short lengths. 

[0006] It is an object of the present invention to obvi- 
ate or mitigate the problems outlined above. 
[0007] According to the present invention, there is 
provided a mineral insulated heating cable comprising 
two electrical conductors extending along the length of 
the cable and an array of heating elements distributed 
along the lengths of the cable and connected in parallel 
between the conductors, wherein each conductor is en- 
cased in an inner sheath of insulating material through 
which connections are made to each heating element, 



the inner sheaths and heating elements are encased in 
an outer sheath of insulating material, and the outer 
sheath is covered by a metal jacket extruded around the 
outer sheath. 

[0008] The term "mineral insulated" is used herein to 
indicate a heating cable in which ail components can 
withstand long-term exposure to high temperatures, e. 
g. 250°C and above. In such cables, insulation could be 
formed from for example tape manufactured from glass 
and/or mica. 

[0009] The invention is based on the realisation that 
with careful process control it is possible to , .extrude, a v . 
jacket of for example aluminium onto a preformed trace 
heating cable of the parallel resistance type, the alumin- 
ium sheath making the overall assembly waterproof and 
therefore enabling the use within the cable of compo- 
nents which themselves do not have to be waterproof. 
A waterproof structure which can withstand high tem- 
peratures results. 

[0010] The conductors and the inner sheaths may be 
encased in an intermediate sheath of insulating material 
through which connections are made between each 
conductor and each heating element. The intermediate 
sheath may be formed from glass tape which may be 
coated with a stabiliser. 

[0011] The conductors may be nickel plated copper, 
the heating elements may be formed "from a ni-chrome 
resistance heating wire spiralled around the conductors, 
and the resistance heating wire may be in contact with 
the conductors through openings in the inner sheath 
such that the wire touches the conductors, a positive 
electrical connection being made between the conduc- 
tors and the wire by sprayed metal. Metal may be 
sprayed onto the conductors both before and after po- 
sitioning of the heating wire. 

[0012] Each inner sheath may be formed from mica 
tape and the outer sheath may also comprise mica tape. 
The outer sheath may also comprise glass tape which 
may be coated with a stabiliser. The stabiliser may be 
forexamplesiliconevarnish to provide initial waterproof- 
ing, or a ceramic fibre adhesive incorporating a rigidiser 
and hardener. 

[0013] The metal jacket may be of oval section to im- 
prove overall flexibility of the product. 
[0014] An embodiment of the present invention will 
now be described, by way of example, with reference to 
the accompanying drawings, in which: 

Figure 1 is a schematic illustration of the electrical 

structure of a parallel resistance trace heating cable 

in accordance with the present invention; 

Figure 2 illustrates a known parallel resistance trace 

heating cable incorporating polymeric components; ■« 

Figure 3 is a schematic representation of a known 

series resistance trace heating cable; 

Figure 4 is an illustration of a cable in accordance 

with the present invention; 

Figure 5 is a schematic illustration of a production 
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line for producing a cable as illustrated in Figure 4; 
Figure 6 is a schematic illustration of a draw down 
device incorporated in the production line of Figure 
5; and 

Figures 7 and 8 are respectively sections on the 5 
lines 7-7 and 8-8 of Figure 6. 

[0015] Referring to Figure 1, the illustrated structure 
comprises two conductors 1 , 2 between which a series 
of heating elements 3 are connected. One end of each 10 
heating element is connected to a node 4 on conductor 
1 whereasiheothe/^ndof eachheating^Je.merit is con-. .„ . 
nected to a node 5 on conductor 2. 
[0016] Figure 2 illustrates a known structure resulting 
in an electrical arrangement as illustrated in Figure 1 . *s 
The known cable comprises conductors 1 and 2 each 
received within an Insulating sheath 6 of polymeric ma- 
terial. The two conductors are enclosed within a further 
sheath 7. Openings 8 are formed through the sheath 6 
and 7 so as to expose the underlying conductors 1,2 20 
and a ni-chrome heating wire 9 is spiralled around the 
outside of the sheath 7 so as to contact the conductors 
through the openings 8. Thus the heating elements 3 of 
Figure 1 correspond to the lengths of wire 9 between 
successive opening 8. Typically the openings 8 will have 25 
an axial length of about 20mm and be spaced apart 
along the length of the cable by 750mm. 
[0017] The heating wire 9 is covered with an in ner pol- 
ymeric jacket 10 wrapped in a braided jacket 11 encased 
in a polymeric sheath 12. Thus the overall structure is 30 
flexible and waterproof but cannot be used at high tem- 
peratures, for example temperatures in excess of 
250°C, because such usage would result in damage to 
the polymeric components. 

[0018] Referring to Figure 3, the illustrated structure 35 
comprises two heating wires 13 and 14 embedded in a 
mineral insulating material 15 encased within an outer 
metal sheath of copper, stainless steel or nickel-based 
alloy. The heat output per unit length of such cables is 
a function of the composition and current through the 40 
conductors 13 and 14 and thus it is difficult to fabricate 
short lengths of appropriate low power and the cable, 
cannot/ simply 1 be' cur to' length' to" fit* particular circum- 
stances. 

[0019] Referring now to Figure 4, the illustrated em- 
bodiment of the invention comprises two conductors 1 7, 
1 8 each of which is covered with two layers of high tem- 
perature mica insulation tape 19 and each of which is 
also restrained by a high temperature glass fibre tape 
layer 20. Openings 21 are formed through the insulation so 
layers 1 9 and 20 to enable the conductors to be con- 
tacted by a ni-chrome resistance heating wire 22 which 
is spiralled around the outside of the sheath 20. 
[0020] The wire 22 is covered with two layers of mica 
tape and an outer layer of glass fibre tape to form an 55 
insulation layer 23 which in turn is covered with an alu- 
minium sheath 24. 

[0021] Thus all of the components of the cable illus- 
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trated in Figure 4 can withstand high temperatures and 
yet the overall assembly is waterproof as a result of the 
provision of the outer aluminium jacket 24. 
[0022] The conductors 1 7 and 1 8 may be nickel plated 
copper, but could also be of aluminium. There are ad- 
vantages in fabricating the conductors 17 and 18 and 
the jacket 24 from the same material (e.g. aluminium) 
to avoid differential expansion between the conductors 
and the jacket. The intermediate sheath 20 may be cov- 
ered with a stabiliser to provide moisture proofing and 
robustness during processing. 

[0023] The openings 21 may be as in prior art deyjoas, 
for example typically 20mm in axial length with a space 
between openings of 750mm. The wire 22 may be spi- 
ralled around the conductors with typically eight spirals 
per centimetre. With such an arrangement typically ten 
or more spirals of resistance wire make touch contact 
to the conductor 1 7 and 1 8. To improve the reliability of 
the resultant electrical connection, the contact areas be- 
tween the conductors 17 and 18 and the wire 22 may 
be sprayed with metal, for example aluminium, zinc or 
an aluminium/zinc alloy. This forms a positive electrical 
connection. Preferably, the conductors 17 and 18 are 
sprayed before the wire 22 is positioned, and the contact 
areas are sprayed again after the wire 22 is positioned. 
[0024] The final insulating layer 23 which isin jheform 
of two layers of taped mica over which a sirigledayer of 
taped glass fibre is wrapped may be coated with a sta- 
biliser for moisture protection and to improve robustness 
during processing. 

[0025] The stabiliser may be a simple silicone varnish 
or a high temperature resistant rigidiser designed to re- 
sist damage during processing and to provide initial wa- 
terproofing. A suitable rigidiser would be the: product 
"901/901 A ceramic fibre adhesive" incorporating a liquid 
insulation hardener which product is available from Sy- 
monds Cableform Limited, Wei wyn Garden City, United 
Kingdom. 

[0026] The assembly shown in Figure 4 up to and in- 
cluding the sheath 23 is passed through an aluminium 
extruder such that the aluminium jacket 24 is extruded 
around the other components, forming a unitary product 
whichTis* provided with" reliable" waterproofing by virtue 
of the provision of the aluminium jacket 24 and yet which 
only comprises components which can withstand high 
temperatures. Preferably the jacket 24 Is of oval cross- 
section to improve the contact between the cable and a 
supporting surface and to improve the flexibility of the 
product. 

[0027] The aluminium jacket 24 may be extruded di- 
rectly onto the sheath 23 : but preferably is initially ex- 
truded so as to be of relatively large dimensions and 
then drawn down through a draw down device to be a 
close fit on the jacket 23. Figure 5 illustrates a production 
line which incorporates such a draw down device. 
[0028] Referring to Figure 5, the schematically illus- 
trated production line comprises an extruder 25 to which 
aluminium to be extruded is supplied from a roll 26 and 
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to which cable incorporating all the components 17 to 
23 of Figure 4 (but not the aluminium jacket 24) is sup- 
plied from a roll 27. The extruder 25 may be of conven- 
tional type, for example a "conform" machine arranged 
to produce an oval extrusion 28 the internal dimensions 
of which are greater than the external dimensions of the 
cable delivered from the roll 27. Thus, the extrusion 28 
is a loose fit on the sheath 23. 

[0029] The "oversize" extrusion 28 is drawn down in 
a draw down device 29 to produce a final product 30 
which corresponds to the cable structure illustrated in 
Figure 4 in which the aluminium jacket 2:4 is a close fit 
on the sheath 23. The cable 30 is pulled through the 
production line by conveyors 31 and wound onto a roll 
32. 

[0030] Referring to Figure 6, this shows the outer 
sheath 23 of the cable delivered from the roll 27. Up- 
stream of the draw down device 29, the outer aluminium 
sheath 28 has dimensions such that a gap 33 is defined 
between the sheath 23 and the extrusion 28 as shown 
in Figure 7. Downstream of the draw down device 29, 
the extrusion 28 has been converted into the close-fit- 
ting outer aluminium jacket 24 as shown in Figure 8. 
[0031] Although in the described process a single 
draw down device is provided, it will be appreciated that 
two or more draw down devices could be provided in 
series to progressively reduce the dimensions of the in- 
itially extruded jacket. 

Claims 

1. A mineral insulated heating cable comprising two 
electrical conductors extending along the length of 
the cable and an array of heating elements distrib- 
uted along the length of the cable and connected in 
parallel between the conductors, wherein each con- 
ductor is encased in an inner sheath of insulating 
material through which connections are made to 
each heating element, the inner sheaths and heat- 
ing elements are encased in an outer sheath of in- 
sulating material, and the outer sheath is covered 
by a metal jacket extruded around the outer sheath. 

2. A heating cable according to claim 1 , wherein the 
conductors and the inner sheaths are encased in 
an intermediate sheath of insulating material 
through which connections are made between each 
conductor and each heating element. 



the heating elements are formed from a ni-chrome 
resistance heating wire spiralled around the con- 
ductors, and the resistance heating wire is in con- 
tact with the conductors through openings in the in- 
5 ner sheaths such that the wire touches the conduc- 

tors, a positive electrical connection being made be- 
tween the conductors and the wire by sprayed met- 
al 

10 6. A heating cable according to any preceding claim, 
wherein each inner sheath is formed from mica 
tape., 

7. A heating cable according to any preceding claim, 
15 wherein the outer sheath comprises mica tape. 

8. A heating cable according to any preceding claim, 
wherein the outer sheath comprises glass tape. 

20 9. A heating cable according to claim 8, wherein the 
glass tape forms an outer component of the outer 
sheath and is coated with a stabiliser. 

10. A heating cable according to any preceding claim, 
25 wherein the metal jacket is of oval section. 

11. A heating cable according to any preceding claim, 
wherein the metal jacket is of aluminium. 

30 12. A method for forming a heating cable in accordance 
with any preceding claim. 

13. A method according to claim 12, wherein the metal 
jacket is initially extruded such that it is a loose fit 

35 on the outer sheath and is then drawn down to be 
a close fit on the outer sheath. 

14. A heating cable substantially is hereinbefore de- 
scribed with reference to Figures 4 and 8 of the ac- 

40 companying drawings. 

15. A method for forming a heating cable substantially 
as hereinbefore described with reference to Figures 
4 to 8 of the accompanying drawings. 

45 



50 

3. A heating element according to claim 2, wherein the 
intermediate sheath is formed from glass tape. 

4. A heating element according to claim 2 or 3, where- 
in the intermediate sheath is coated with a stabiliser 55 

5. A heating cable according to any preceding claim, 
wherein the conductors are nickel plated copper, 
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